Some unfavourable effects of malnutrition of the host on
Morphological and morphometric studies of Schistosoma mansoni adult worms have been used not only to elucidate taxonomic questions about the main species known to infect man (Bilharz 1852 , Weinland 1858 , Sambon 1907 , Pirajá da Silva 1908 , as well as to detect differences in worms recovered from different hosts (Kastner et al. 1975 , Dias & Piedrabuena 1980 , Machado-Silva et al. 1994 , Neves et al. 1998 or pertaining to different strains (Magalhães & Carvalho 1973 , Paraense & Corrêa 1981 , El-Mansoury & Bayoumi 1995 , Machado-Silva et al. 1995 regarding some specific quantitative parameters.
Besides brightfield and scanning electron microscopies of adult schistosomes, recent studies with the confocal laser scanning microscopy provided a superior tool to investigate external and internal helminth morphological aspects (Lenzi et al. 1997) , allowing a deeper insight on its inner organization, in both well-fed (MachadoSilva et al. 1998 ) and undernourished mice (Neves et al. 2001) .
Past literature has reported on unfavourable effects of malnutrition of the host on Schistosoma biology, such as body underdevelopment and reduction of the parasite burden when compared to control well-fed animals (De Witt 1957 , Magalhães et al. 1986 ), but few systematic morphological and morphometric studies have been reported on Schistosoma recovered from undernourished animals (Neves et al. 2001 . This paper aims to study the most important morphological parameters in adult male and female S. mansoni recovered from undernourished albino mice through morphometric techniques, making a comparison with parasites recovered from well-fed infected mice. These findings may have implications regarding the intensity of infection and the natural history of schistosomiasis in deficient hosts.
MATERIALS AND METHODS
Albino Swiss Webster mice were percutaneously infected with 80 cercariae (BL strain) shed from Biomphalaria glabrata. Undernourished animals were fed a multideficient and essentially low protein diet (RBD diet) and compared to well-nourished control mice fed with the commercial diet NUVILAB (Coutinho et al. 1997) . Animals were sacrificed with 6% pentobarbital (90 mg/kg IP) and perfused according to Duvall and De Witt (1967) , 75 days post-infection. All specimens were fixed in 10% formalin, stained with carmine chloride, clarified in creosote and preserved as whole-mounts (Machado-Silva et al. 1994 ).
One hundred male and 60 female specimens from undernourished mice and 100 male and 100 female specimens from controls were examined using an image system analysis Leica Quantimet 500C (Leica Cambridge, Cambridge, UK) coupled to a semi-authomatic device for morphometry Sigma Scan Measurement System (Jandel Scientific, San Francisco, US).
The following parameters were studied for male worms: body length and area; distance between the anterior body extremity and the posterior end of the testes; body width in three regions (anterior, middle and posterior portions); number and area of testicular lobes; area of the oral and ventral suckers; distance between the suckers.
Female worms were studied according to the following parameters: total body length; distance from the genital pore to the end of the vitelline glands; body width in three regions (anterior, middle and posterior portions); length, width and area of ovary; length and width of uterine egg; area of the oral and ventral suckers; distance between the suckers.
For statistical analysis, the Student's t test for unpaired samples was applied. Significant differences were considered for p < 0.05. Software SPSS Version 8.0 was used for the tests.
RESULTS
Significant differences (p < 0.05) were detected in eight parameters in male worms and in nine characters in female worms, with lower values for specimens from undernourished mice (Tables I, II) . Worms derived from undernourished mice were smaller than those from well-fed controls.
All the female parasites collected from well-fed mice showed eggs in the uterus while the presence of intrauterine eggs was detected in only 84% of those worms recovered from undernourished mice.
DISCUSSION
A number of issues have significantly strengthened the link between malnutrition and parasitic helminth infections other than S. mansoni (Oberhelman et al. 1998 , Stephenson et al. 2000 , Crompton & Nesheim 2002 , Muniz et al. 2002 . All studies support the view that parasites may negatively influence the host's nutritional status, and with it, physical growth, psychomotor and educational developments are also affected (Stephenson et al. 2000) . Curiously, relatively few studies have examined the effects of malnutrition on the parasites (Boes & Helwigh 2000) . Otherwise, some progress has been made on the S. mansoni-malnutrition relationships in the murine model. In this context, it has been established that malnutrition hampers the outcome of the infection as well as adult worms growth (Ferreira & Coutinho 1999) . Although the effects of host's nutrition on the parasite worms are not completely understood (Mendonça et al. 2000) , it is likely that the worm life span can be shortened under food restriction of the host.
Various hormones of vertebrate hosts have been implicated in the stimulation or induction of growth or sexual reproduction of their parasites (Lawrence 1991) . It is also known that in IL-7-deficient mice, S. mansoni female worms show an altered fecundity, leading to decreased numbers of eggs trapped in the tissues and to an amilioration of the pathology in the infected host. Therefore, changes in the host metabolism occurring in malnutrition may impair their biological behavior (Ferreira & Coutinho 1999) .
Although it had been noticed since De Witt (1957) and Magalhães et al. (1986) that schistosomes raised in underfed mice were smaller and usually did not reach sexual maturity, detailed morphometric data on adult worms are scarce. Measurement of worm lengths and evaluating gross anatomical changes in the genital system of female worms are recognized as useful methods in detecting effects of dietary deficiencies, at least at the acute phase (first ten weeks of infection) of experimental schistosomiasis mansoni (Akpom 1978) . In this experiment, we studied several linear and area measurements aiming to settle how undernourishment can affect the phenotypic characteristics of the adult worms. In fact, significant differences were detected in both male and female schistosome worms, when well-fed and undernourished mice were compared. Our results further support previous experimental studies showing that protein deficient diets have a negative influence inducing stunted male worms (De Witt 1957 , Magalhães et al. 1986 ). Moreover, we have confirmed that worms from undernourished mice undergo morphometric alterations in their reproductive system (Neves et al. 2001 . Nevertheless, no significant difference was demonstrated regarding the number of testicular lobes. This result is not in line with previous experimental studies that showed higher number of testes in worms recovered from mice fed a low protein diet (Magalhães et al. 1986) .
In this experiment, female worms recovered from undernourished mice showed an altered oviposition, intrauterine S. mansoni eggs being rarely visualized. In effect, while well-nourished mice had at least one intra-uterine egg per female worm, this finding occurred only in 84% of the undernourished animals. Moreover, undernourished females presented significant morphometric differences regarding ovary area and width of the intra-uterine egg. Previous experimental studies showed that females from single-sex infection have a poorly developed ovary and vitteline glands, while other parts of the reproductive system develop normally (Erasmus 1973) . Probably, egg maturation is only delayed in schistosomes recovered from malnourished hosts, since altered eggs were not seen by confocal laser scanning microscopy (Neves et al. 2001) . Impairment of egg maturation also occurs in metabolic diseases such as chemically-induced diabetes mellitus of mice, leading to a lower faecal egg excretion (Hulstijn et al. 2001) .
The physiological relationships between S. mansoni and its host are complex and the details of several biochemical processes should still be determined (Neves et al. 2001) . It is well established that female schistosomes are metabolically more active than males (Tempone et al. 2002) to support oogenesis (Oliveira et al. 2000) .
Schistosome live paired within nutrient-rich mesenteric veins and it is likely that this parasitic flatworm has adapted to this special biochemical environment (Badr et al. 1999) . The portal residence would be ideal for adult worms exploitation of host's nutrients, as blood from the small intestine environment travels to the liver for detoxification following digestion and absorption of food (Modha et al. 1998 , Shaker et al. 1998 . Nevertheless, the dietary restriction induces morphological and physiological changes in the digestive tract. The small intestinal mucosa is hypotrophic with reduced mucosal thickness, villus height and crypt depth are reduced in malnourished rodents. Specific activities of lactase, maltase, sucrase and ileal hydrolase are decreased (Firmansyah 1989 , Chambon-Savanovitch et al. 1999 . It is well documented that male worms intimately control and regulate the expression of a number of female genes (LoVerde & Chen 1991 , Skelly et al. 1998 . It means that females are dependent on pairing with males in order to reach normal growth, sexual maturity, eggs production, feeding (Erasmus 1986 , Basch 1990 , Ribeiro-Paes & Rodrigues 1997 , Kunz 2001 ) and possibly haemozoin synthesis (Oliveira et al. 2000) .
As these factors, in conjunction, could affect the outcome of the pathologic process (Coutinho et al. 1997) , one can conclude that the nutritional status of the host has a negative influence on the morphology and biology of schistosome worms of both genders, probably due to the unavailability in the blood of deficient hosts, of some essential nutrients required for adequate parasite's growth and development. If malnourishment might induce changes on the regulation and expression of genes still remains to be elucidated.
Although adult worms undergo extensive morphological changes, it seems that this is not enough to impair their reproductive capacity. The blockade of parasites growth leading to dwarf male and female worms in IL-7 deficient mice showed that these worms are able to mate and lay eggs (Wolowczuk et al. 1999) . Interestingly, experimental malnutrition induced for a long-term (since lactation to adulthood) in mice has no detrimental effect on the infection (Simões et al. 2002) . Finally, it can be speculated that both host and schistosomes develop a certain degree of physiological adaptation to survive in a protein-deficient environment (Ing et al. 2000) .
